Renal adenocarcinoma was diagnosed in three Cape coral snakes (Aspidelaps lubricus lubricus) by histopathologic examination. A hereditary basis was suspected, because all affected snakes were genetically related. Presentations included caudal coelomic swelling as well as anorexia, regurgitation, and constipation. Moderate amounts of urate tophi throughout the kidneys were noted in all three animals. Nephrectomy appeared to prolong life if the disease was caught early and the remaining kidney was functional.
INTRODUCTION
Native to southern Africa, Cape coral snakes (Aspidelaps lubricus lubricus) are commonly found in public and private collections. Venomous snakes from the family Elapidae, Cape coral snakes have been successfully bred in zoos in the United States since the late 1980s. Most of the original breeding stock for zoological collections originated from private breeders, with few wild-caught founders.
Renal adenocarcinomas have been reported in a variety of snake species. In a previous review article, renal adenocarcinoma was found to be prevalent in colubrids (Garner et al., 2004) . Documented cases have included a gopher snake (Pituophus melanoleucus) (Ramsay et al., 1996) , boa constrictor (Boa constrictor) (Harshbarger, 1981 ), Cook's tree boa (Corallus enhydris) (Ramsay et al., 1996) , reticulated python (Python reticulatus) (Gravendyck et al., 1997) , ring snake (Natrix natrix) (Machotka and Whitney, 1980) , and Sinai desert cobra (Walterinnesia aegyptia) (Frye, 1991) . In unpublished cases, one author (DRR) has identified renal adenocarcinomas or carcinomas in four California kingsnakes (Lampropeltis getula californiae) and a speckled kingsnake (Lampropeltis getula holbrooki), renal carcinomas in two ball pythons (Python regius) and a Mojave rattlesnake (Crotalus scutulatus), renal adenoma in a Trans-Pecos rat snake (Bogertophis subocularis), and tubular carcinoma of low-grade malignancy in a Cape coral snake.
CASE REPORTS
Case one: A 10-year-old, 0.20 kg captive-born female Cape coral snake presented with caudal coelomic swelling. The snake was restrained for an examination using Midwest restraining tubes (MIT/Midwest.com, Independence, MO). A firm, nonmoveable mass was palpated within the caudal coelom at the level of the kidneys. Radiographs confirmed a mass in this region. A fine needle aspirate (FNA) of the mass was collected and submitted for cytological examination, which revealed dense and disorganized sheets of epithelial cells with a high nuclear to cytoplasmic ratio and round nuclei containing condensed to stippled chromatin patterns and small distinct nucleoli. No overt evidence of inflammation, nor overt criteria of malignancy, was observed. The cells were highly suspicious of epithelial neoplasia. Although hyperplasia could not be ruled out, it was considered less likely given that no inflammation was observed.
The following week the snake was sedated with 0.5 mg/kg diazepam (Hospira Inc., Lake Forest, IL) and 40 mg/kg ketamine (Ketaset ® , Fort Dodge Animal Health, Fort Dodge, IA) IM, intubated, and maintained on 1-2.5% isoflurane gas anesthesia (Webster Veterinary Supply, Bessemer, AL) for an exploratory coeliotomy. Intraoperatively, the mass appeared to encompass the majority of the anterior left kidney with intimate attachment to the left oviduct. The remaining renal tissue exhibited urate stasis, grossly appearing as white streaks throughout the renal parenchyma. The right kidney appeared grossly to be within normal limits. The mass was resected along with the left kidney and left oviduct and submitted for histopathology. The snake was given 20 ml/kg 0.9% sodium chloride fluids (Hospira Inc.) ICe once, 10 mg/kg enrofloxacin (Baytril ® , Bayer Healthcare LLC, Shawnee Mission, KS) IM SID for 10 days, and 0.25 mg/kg meloxicam (Metacam ® , Boehringer Ingelheim Vetmedica Inc., St. Joseph, MO) IM once. Anesthetic recovery was uneventful.
The biopsy sample was preserved in 10% neutral buffered formalin solution prior to being processed routinely. Paraffin-embedded tissues were sectioned at approximately 5 microns, mounted on glass slides, and stained with hematoxylin and eosin (HE). The biopsy section was evaluated by a board certified veterinary pathologist and was diagnosed as an infiltrative but discrete neoplasm that almost completely effaced the normal architecture of the kidney in the section examined. It was comprised of irregular tubular structures, some of which were dilated, forming small cysts and supported on a moderate fibrovascular stroma (Fig. 1) . The tumor cells lining these tubular structures were pleomorphic, cuboidal to columnar with distinct cytoplasmic borders, and had moderate amounts of vacuolated pale eosinophilic cytoplasm. The oval nuclei had variably stippled chromatin with one or occasionally two prominent, basophilic nucleoli. In some areas, the cells were piling upon each other and forming papillary projections into the lumen of more dilated tubular structures (Fig. 2) . The mitotic index was 0-1 per high power field at 40×. Urate tophi and granulomatous inflammation characterized by radiating pale spiculated material were located at the periphery of the tumor and within the remaining normal renal parenchyma. Biopsy findings were consistent with renal adenocarcinoma and urate tophi. The snake appeared in adequate health over the next year. However, at 16 months post-nephrectomy it presented moribund and was humanely euthanized. On necropsy, granulomatous nephritis and severe urate crystal accumulation were found in the remaining kidney. Renal failure was the presumptive cause of death, and no postmortem tissues were sent for histopathologic examination.
Case two:
Approximately one month after the first case presented, an 18.5-year-old, 0.11 kg captive-born male Cape coral snake presented with intermittent anorexia, regurgitation, and a coelomic swelling. The snake was tubed for a physical exam and a firm, nonmoveable mass was palpated within the caudal coelom, suspected to be of renal origin. Neoplasia was the primary differential; therefore an FNA was not performed and a surgical biopsy and resection were scheduled.
The snake was sedated with 0.45 mg/kg diazepam and 35 mg/kg ketamine IM, intubated, and anesthetized with sevoflurane gas anesthesia (SevoFlo ® , Abbott Laboratories, North Chicago, IL; range 1-6%). A complete blood count (CBC) and uric acid level were found to be within normal limits (ISIS, 2002) . Exploratory surgery revealed a large mass on the left kidney and urate stasis of the right kidney. Because of the invasive appearance of the mass, the left kidney was resected in toto and a representative sample was submitted for histopathology. Anesthetic recovery was uneventful, but the prognosis was poor because of the unhealthy appearance of the remaining kidney. Fluids (0.9% sodium chloride, 35 ml/kg ICe) were administered, and the snake was placed on a course of enrofloxacin (10 mg/kg IM SID for seven days). Upon review, the boarded veterinary pathologist had diagnosed and described a similar neoplastic process to that found in case one. It consisted of a partially encapsulated, discrete cystic tumor composed of neoplastic cells arranged in tubules and trabeculae forming papillary projections and solid clusters supported by a moderate fibrovascular stroma. The cells were cuboidal to polygonal with an eosinophilic cytoplasm and an oval nucleus with a finely dispersed chromatin and small nucleoli. The mitotic index was 1-2 per high power field at 40×. Urate tophi were noted at the periphery of the tumor. Biopsy findings were indicative of a well-differentiated renal adenocarcinoma with urate stasis and granuloma formation (tophi).
Approximately 10 weeks later, the snake re-presented for regurgitation. On physical examination, a loss of body condition was noted and a mass at the level of the remaining kidney was palpated. Because of a suspicion of renal adenocarcinoma in the contralateral kidney, the snake was humanely euthanized. On necropsy, the remaining kidney was infiltrated by a firm mass similar in appearance to the renal adenocarcinoma mass that was previously resected from the contralateral kidney, although a granuloma or other tumor could not be ruled out without microscopic examination. Grossly, very little normal renal tissue appeared to remain, and urate tophi were present. The cause of death was presumptive bilateral renal adenocarcinoma, and postmortem tissues were not submitted for histopathologic examination.
Case three: A 12-year-old, captive-born female Cape coral snake presented with coelomic swelling just cranial to the cloaca. The snake was tubed, and a physical examination confirmed a caudal coelomic mass. Radiographs exhibited a gaseous gastrointestinal pattern, representative of impacted fecal material, surrounding a perirenal mass. An enema was performed, and subsequent manual expression of the mass from the cloaca produced a white tissue with a vascular capsule and grossly visible urate crystals characteristic of renal gout. An FNA of the tissue yielded a cytologic diagnosis of renal pyogranulomatous inflammation of undetermined etiology. Because of chronic osteoarthritis secondary to an old spinal fracture and a poor prognosis from suspected bilateral renal disease, the snake was humanely euthanized. Blood tests taken at the time of euthanasia were within normal limits, including a uric acid level of 0.195 mMol/L (3.3 mg/dl) (reference range 0.006-0.458 mMol/L [0.1-7.7 mg/dl] [ISIS, 2002] ).
Necropsy revealed a 3 × 2 × 2 cm oval, pale, creamy soft to gritty mass attached to the caudal pole of the left kidney. The mass partially filled the coelomic cavity immediately cranial to the cloacal vent, deviating the large intestine and thereby obstructing defecation. Gross appearance of the perirenal mass was consistent with a focal granuloma, having a caseated central area surrounded by a fibrous capsule. Representative tissue samples of coelomic organs were collected and processed for histologic examination as previously described in case one. These included ovary, adrenal gland, intestines, thyroid gland, spleen, vertebral bodies and spinal cord, pancreas, liver, and kidney. Histopathological evaluation of the submitted renal section noted complete effacement of preexisting renal architecture by the concurrent pathology of the adenocarcinoma and the granulomatous nephritis secondary to the deposition of urate tophi. The mass effaced one pole of the kidney and was an infiltrative, partially encapsulated tumor. It was similar to the previous tumors being comprised of irregular tubulopapillary structures supported on a variable moderate fibrovascular stroma. The tumor cells lining these tubular structures were pleomorphic, cuboidal to columnar with distinct cytoplasmic borders, and contained moderate amounts of a finely granular pale eosinophilic cytoplasm. The oval nuclei had variably stippled chromatin with one or occasionally two prominent, basophilic nucleoli. The mitotic index was 0-1 per high power field at 40×. Throughout the tumor were moderate numbers of urate tophi (radiating pale spiculated material surrounded by cell debris, multinucleate cells, and foci of heterophilic infiltrates).
DISCUSSION
It is suspected that, among reptilian species, neoplasia appears most prevalent in snakes (Garner et al., 2004) . Among snake species, neoplasia was found to be more prevalent in colubrids followed by crotalids, vipers, and boids (Garner et al., 2004) . Elapidae, of which Cape coral snakes belong, was not grouped in this study. Renal adenocarcinoma has been one of the most commonly reported snake neoplasms (Garner et al., 2004) , although it has only been reported in one Elapidae species, a Sinai desert cobra (Frye, 1991) . Of the other neoplasms reported in Elapidae, one author (DRR) has seen a tubular carcinoma of lowgrade malignancy in the kidney of another Cape coral snake. The low numbers of cases described in Elapidae may be attributable to fewer numbers being maintained in private collections compared to other species.
The pathogenesis of neoplasia is most likely multifactorial (Simons and Marshall, 1995) . Immunologic compromise, pollutants, and geographic or environmental factors can all play a role. Viruses and hereditary linkages have also been associated with neoplasms (Simons and Marshall, 1995) , and A-and C-type retroviral particles have been linked to renal tumors in snakes (Zeigel and Clark, 1969; Hoge et al., 1995; Clark et al., 1979; Gravendyck et al., 1997; Chandra et al., 2001; Orós et al., 2004; Jacobson, 2007) . In addition, a herpesvirus is the cause of Lucke's renal tumor in the Northern leopard frog (Rana pipiens) (Hoff et al., 1984) . Unfortunately, a viral etiology could not be confirmed or ruled out in the three cases presented here because fresh tissue cultures were not collected, and neither polymerase chain reaction (PCR) nor transmission electron microscopy (TEM) were performed. A genetic basis for neoplasia in reptiles could also be possible but has not been reported because specific genes involved in the evolution of neoplasia in reptiles have not been defined (Jacobson et al., 1986) . However, mutant alleles associated with renal carcinomas have been discovered in German shepherd dogs (Giger, 2003) , and the same potential may exist in reptiles. In the cases reported here, it is plausible that a genetic predisposition to renal adenocarcinoma existed as all three snakes were closely related. The snake in case two was bred with a female clutch mate multiple times. This pairing produced the animals reported in cases one and three. All three of the related cases were initially housed in the same building of the same zoological institute. However, because there were no reported occurrences of renal adenocarcinomas in unrelated Cape coral snakes at the facility, it makes an environmental factor less likely. Attempts to contact other zoological institutes regarding the incidence of renal adenocarcinomas in related offspring were unsuccessful. Although highly suspicious of a genetic involvement, a definitive common etiology for renal adenocarcinoma in these three cases remains undetermined.
At presentation, snakes from all three cases were found to have anorexia, regurgitation, constipation, and caudal coelomic swelling. Anorexia is often the first clinical sign of illness; however, in reptiles a decreased appetite may go unnoticed for an extended period of time, because fluctuation in appetence is often attributed to dietary discrimination or seasonal changes. Regurgitation is a common yet vague symptom of illness in snakes but may be associated with an obstructive neoplasm or secondary to gastrointestinal disease. Secondary constipation may also result if the mass becomes of sufficient size to cause intestinal blockage. Caudal coelomic swelling is a more specific clinical sign of renal neoplasm, although usually not visually apparent before it consumes the entire organ. Routine palpation could assist in early detection of caudal coelomic swelling; however, physical examinations of venomous species, such as Cape coral snakes, are associated with safety concerns.
Differentials for a caudal coelomic mass include normal gastrointestinal digesta or constipation, gravidity in female specimens, an abscess or granuloma, renal gout or granulomatous nephritis, and renal neoplasms (Done, 1996) . Contrast radiography or ultrasonography can help distinguish a renal mass from a gastrointestinal mass. Fine needle aspirations of these masses are often difficult to interpret (Mader, 2006) . It is important to note that the gross appearance of renal adenocarcinoma may be consistent with a focal granuloma. Currently, diagnosis of renal neoplasia is based primarily on structural evaluation on renal histopathology, making biopsy important in establishing a definitive diagnosis (Mader, 2006) .
Renal compromise secondary to renal neoplasia should be of concern; however, diagnosis of renal insufficiency in snakes is complicated by the vague and delayed clinical signs mentioned, and problems with determining proper renal function. Urinalysis is often not useful for determining renal function in snakes, because the kidneys do not concentrate urine, and uric acid levels seem to be an unreliable indicator of renal function (Mader, 2006) . It is important to note that in all three cases uric acid levels were within expected limits even with bilateral renal disease. A better parameter may be the calcium to phosphorus ratio, because an inverted ratio may indicate renal damage (Mader, 2006) . Renal or ureteral damage can be demonstrated by intravenous urography (Mader, 2006) .
Although not yet proven in snakes, iohexal clearance studies appear to be a reliable and more practical indicator of renal function in iguanas by quantifying glomerular filtration rate (Mader, 2006) .
Generally found as large solitary unilateral renal neoplasms, metastasis of renal adenocarcinoma is reportedly uncommon in reptiles (Reavill, 2004) . Sites of metastasis have included liver, lung, and the perirenal abdominal wall (Reavill, 2004) . Histopathologic appearance is typically a tubular neoplastic pattern with minimal anaplastic and mitotic changes, frequent capsular invasion, and a scirrhous reaction (Garner et al., 2004) . Another common finding is urate tophi in the remaining renal tissue surrounding the neoplasm and often in the contralateral kidney. These features were recognized in the Cape coral snake cases. Renal cell carcinomas are classically subdivided into the predominant histological organization such as papillary, tubular, solid, and various combinations; however, these have not been associated with differences in biologic behavior. The renal tubular carcinoma, also known as renal adenocarcinoma, is a common variety noted in domestic animals (Meuten, 2002) . The formation of cysts is also a common finding with these tumors in domestic species (Meuten, 2002) . The formation of the urate tophi most likely occurs secondarily to the tumor, possibly from obstructive lesions of the tubules and urate stasis.
Surgical excision is the treatment of choice for renal adenocarcinoma in mammals (Simons and Marshall, 1995) . In reptiles, metastasis is uncommon; thus, nephrectomy is potentially curative (Garner et al., 2004) . Unfortunately, by the time clinical signs are apparent, such as caudal coelomic swelling, there is often extensive neoplastic infiltration and the entire kidney must be resected. Treatment can be complicated by the development of renal compromise secondary to renal neoplasia. Although it was not confirmed histologically in case two, tumor involvement either by local invasion or metastasis to the contralateral kidney can be a significant complication to surgical removal and expected resolution.
In the reported cases, cause of death or reason for euthanasia was presumptive renal failure secondary to renal adenocarcinoma in cases one and three and possible bilateral renal adenocarcinoma in case two. Resection of the affected kidney in cases one and two was not curative but was ostensibly life extending (16 months and 11 months, respectively). Two other renal adenocarcinoma cases have been diagnosed in this collection and managed with unilateral nephrectomies: a speckled kingsnake that lived for one month postoperatively, and a California kingsnake that was still alive 13 months after the surgery when it was transferred to another institution. Other treatment options may include radiation, chemotherapy, and photodynamic therapy (Langan et al., 2001; Leach et al., 1991) .
